Bullous pemphigoid (BP) is a humoral autoimmune disease directed predominantly against the non-collagenous NC16A domain of the BP180 hemidesmosomal protein. Our laboratory has recently shown, using a mouse xenograft model, that passive transfer of IgE autoantibodies from BP sera induces a skin phenotype that recapitulates the early phases of the disease. Herein, we describe the development of a highly specific and sensitive ELISA to detect circulating IgE autoantibodies that recognize BP180-NC16A. Using this assay, we detected NC16A-specific IgEclass autoantibodies in 77% of BP sera. This frequency, which is significantly higher than reported previously, is comparable to that of anti-NC16A IgG autoantibody production. In 3 BP patients monitored over time, the circulating NC16A-specific levels of both IgE and IgG were associated with clinical disease activity; however, patient sera did not always contain high levels of both isotypes. In conclusion, our ELISA provides a highly sensitive and specific tool for the detection of BP180-specific IgE in patient sera. Furthermore, we report that the majority of BP sera contain both IgE and IgG class autoantibodies specific for NC16A and suggest that screening for both isotypes of autoantibodies may provide a better diagnostic value than IgG alone.
Introduction
Bullous pemphigoid (BP) is an autoimmune blistering disease characterized by tissue-bound and circulating autoantibodies specific for components of the epidermal basement membrane zone (BMZ). BP autoantibodies primarily recognize two protein constituents of the epidermal hemidesmosome, BP180 (BPAG2 or type XVII collagen) and/or BP230 (BPAG1) (Stanley et al., 1988; Giudice et al., 1992) . The immuno-dominant epitopes associated with BP have been mapped to the NC16A region of BP180, a non-collagenous stretch of the protein's extracellular domain (Giudice et al., 1993; Zillikens et al., 1997b) . Passive transfer mouse models have shown that IgG autoantibodies that recognize the region of murine BP180 homologous with human NC16A elicit BPlike skin lesions in the host animals (Liu et al., 1995) . Recent passive transfer studies utilizing a humanized BP180 transgenic mouse line as the host confirm that NC16A-specific IgG autoantibodies are directly involved in the pathogenesis of BP (Nishie et al., 2007; Liu et al., 2008) .
Historically, IgG class autoantibodies have been the focus of studies investigating BP pathogenesis, and disease severity has been shown to be correlated with BP180-specific autoantibody levels Amo et al., 2001; Hofmann et al., 2002; Tsuji-Abe et al., 2005) . In addition to IgG autoantibodies, IgE-class autoantibodies have been reported in the majority of BP patients (Christophoridis et al., 2000; Dopp et al., 2000; Dimson et al., 2003) . These IgE-class autoantibodies also target the NC16A region of BP180 (Christophoridis et al., 2000; Dopp et al., 2000; Hofmann et al., 2002; Dimson et al., 2003; Fairley et al., 2005) and have been shown to have a pathogenic role in BP (Dimson et al., 2003; Fairley et al., 2007) . Using a xenograft mouse model, our research group found that injection of BP IgE autoantibodies into human skin grafts resulted in lesions that reproduce the early phase of BP, including mast cell degranulation, eosinophil influx and spontaneous blister formation -key features that were lacking in passive transfer studies utilizing IgG (Fairley et al., 2007) . Zone et al. (2007) made similar observations after subcutaneous injection of a murine hybridoma producing BP180-specific IgE in SCID mice engrafted with human skin. Together, these findings suggest that IgE autoantibodies may be responsible for some of the early events leading to blister formation in BP.
The recognition of the pathogenic potential of IgE in BP underscores the need for the development of a sensitive and specific method for the detection of these autoantibodies. The difficulty of this undertaking is compounded by the following factors: the level of IgE in serum is 1/10,000 that of IgG, a fraction of the total IgE is antigen specific, and BP sera contain IgE and IgG class autoantibodies targeting the same epitopes (Fairley et al., 2005) . In the present study we utilized an NC16A-GST fusion protein to develop an IgE-specific ELISA that can easily and reliably measure autoantibody levels in patient sera. We show that this assay is highly specific and sensitive in the detection of these disease-associated autoantibodies. Furthermore, screening of a panel of wellcharacterized BP sera with our ELISA reveals that the majority of patients have NC16A-specific IgE in their sera.
Methods

Sera and clinical assessment
Serum samples were collected from patients who met the clinical and immunologic, and histologic features consistent with BP (n = 43), epidermolysis bullosa acquisita (EBA) (n = 6), or systemic lupus erythematosus (n = 21). All BP sera were from a panel of well-characterized patients with histological subepidermal blistering and confirmatory direct immunofluorescence demonstrating IgG and/or C3 at the BMZ of perilesional skin. BP patients were of heterogeneous clinical disease severity and most were untreated when the samples were obtained. Sera were also obtained from age and gender-matched controls (n = 55). Serial samples were obtained from 3 BP patients to examine the relationship of disease activity to NC16A IgE levels. Disease activity was assessed on a scale of 1 to 4. The score of 4 was assigned to a generalized disease (often termed active or flaring, with multiple new blisters and erosions at multiple sites on the body), a score of 3 was assigned to a localized active disease (few blisters or at limited areas of the body), a score of 2 was assigned if disease was controlled (no new lesions) while on immunosuppressive medications, and a score of 1 was assigned to the patients in the remission stage, no skin lesions in the absence of immunosuppressive therapy. This study was approved by the Institutional Review Board at the University of Iowa and was performed in adherence to the Declaration of Helsinki Guidelines.
Preparation of recombinant proteins
The expression and purification of glutathione Stransferase (GST) and the GST-NC16A fusion protein were described previously (Van den Bergh et al., 2006) . Briefly, the control GST protein and GST-NC16A, consisting of the NC16A domain of human BP180 with a C-terminal collagen peptide [(Gly-Pro-Pro) 10 ] and an N-terminal glutathione S-transferase (GST) moiety, were expressed in E. coli (Rosetta strain for GST-NC16A; DH5α strain for GST) using the pGEX-2T expression system (Pharmacia Biotech, Piscataway, NJ). Both proteins were purified by glutathione affinity chromatography (Novagen, EMD Chemicals, Inc., Gibbstown, NJ).
NC16A-specific IgE ELISA
To detect NC16A-specific IgE, immobilized GST-NC16A was probed with positive (a BP sera with high IgE reactivity to the epidermal BMZ by IIF and specific IgE reactivity to NC16A by Western blot) or negative (non autoimmune sera with low reactivity to GST) control sera in combination with a horseradish peroxidase-conjugated secondary antibody (Bethyl Laboratories, Montgomery, TX). As a control the same sera were probed with molar equivalent of GST. To determine the optimal working conditions of the assay, checkerboard titrations were performed with serial dilutions of antigen (100, 50, 10, 1, 0.1 and 0.05 µg/ml) and secondary antibody (5000, 10,000, 20,000, and 40,000-fold) and a constant undiluted positive or negative control sera (described above). Analysis of the curves generated by plotting antigen concentration versus OD 450 revealed that a 20,000-fold dilution of secondary antibody minimized the difference in absorbance between uncoated and GST-coated wells and maximized the difference in absorbance between NC16A-GST GST-coated wells in the assay. The specificity of the secondary antibody for IgE was confirmed by ELISA against IgG, IgA, IgM and IgE standards as previously described (Fairley et al., 2005) .
In a similar fashion, checkerboard titrations were performed with serial dilutions of antigen (100, 50, 10 and 1 µg/ ml) and positive and negative control sera (described above; undiluted, 2, 5 and 10-fold). Analysis of the plot of antigen concentration versus primary antibody dilution revealed that undiluted serum resulted in the highest level of discrimination. It was also determined that coating the wells overnight at 4°C, rather than 2 h at room temperature (RT) or 37°C, resulted in the optimal sensitivity of the assay.
The optimized ELISA was run using 96 well high bind ELISA (Nunc) plates coated with 50 µg/ml GST-NC16A or an equimolar concentration of GST diluted in 100 µl phosphatebuffered saline (PBS, pH 7.4) overnight at 4°C. Wells were washed a total of 3× by adding 250 µl PBST [PBS/0.05% Tween 20] per well. Non-specific protein binding was blocked by adding 200 µl blocking buffer [PBS/0.5% bovine serum albumin (BSA)] for 30 min at RT. Plates were washed as described above. Next, 50 µl of the positive and negative control sera (described above), henceforth referred to as high and low calibrators, respectively, PBS (blank) or undiluted samples were added to duplicate wells. Plates were sealed and incubated for 2 h at RT. Plates were washed 5×. HRPconjugated anti-human IgE was diluted 20,000-fold in blocking buffer and 100 µl was added to each well for 1 h at RT. Plates were washed 5×. To develop the ELISA, 100 µl Ultra TMB (Pierce, Rockford, IL) was added and plates were placed in the dark at RT for 30 min. Finally, 100 µl stop solution (2 M H 2 SO 4 ) was added and the OD 450 was determined.
Sample absorbances were calculated by subtracting the average GST absorbance value from the NC16A-GST absorbance value for each calibrator or sample and Index Units were calculated: index value = (sample absorbance − low calibrator absorbance) / (high calibrator absorbance − low calibrator absorbance) × 100. An index value below zero was observed with similar frequency in our BP and control groups and indicates that the serum exhibited a lower level of absorbance in NC16A-coated wells when compared with that of the low calibrator. Use of an index value limits the effect of plate-to-plate variability so multiple assays can be compared. All sera tested had an OD within the linear range of the plate reader (≤2.0).
BP180-specific IgG ELISA
All BP and control sera were screened using a commercially available ELISA for the presence of IgG specific for the NC16A region of BP180 according to the manufacturer's instructions (MBL International, Japan).
Western blot
IgE and IgG reactivity with GST-NC16A or GST fusion proteins was assayed by immunoblot as previously described (Zillikens et al., 1997a) after optimization using our positive and negative laboratory control sera. Briefly, recombinant GST-NC16A (400 ng for IgE detection; 40 ng for IgG detection) or molar equivalent of GST protein was fractionated under reducing conditions on 10% SDS-PAGE and blotted (100 V, 1 h) onto nitrocellulose membrane (Bio-Rad, USA). Filters were stained with fast green and cut into strips of identical size (3 mm× 8 mm) using the molecular weight markers as a guide. Strips were incubated with blocking solution [5% non-fat dry milk, and 0.1% Tween 20 in 1 M Tris-buffered saline] for 1 h at RT. The membrane strips were then incubated overnight at 4°C on a rocking platform in 0.5 ml of serum samples that were optimally diluted in blocking solution (10-fold and 100-fold for IgE and IgG detection, respectively). The membrane strips were washed 3× [0.1% Tween 20 in 1 M Tris-buffered saline] and incubated for 1 h at RT with optimized dilutions of HRPconjugated isotype-specific anti-human antibody (Bethyl Laboratories, Montgomery, TX; 20,000-fold and 40,000-fold dilutions for IgE and IgG detection, respectively). After 3 washes, the strips were developed using enhanced chemiluminescence (Pierce ECL, Rockford, IL). Positivity was determined using densitometric comparison of NC16A and GST bands based on molecular weight and reactivity with positive control sera.
Immunofluorescent testing
Circulating anti-BMZ autoantibodies were detected by indirect immunofluorescence (IIF) using 4 µm cryosections of normal human skin as a substrate and serial dilutions of the patient's serum as a primary antibody as described previously (Dimson et al., 2003) . For detection, FITC-conjugated antihuman IgG (1/2000) or IgE (1/500) (Bethyl Laboratories, Montgomery, TX) was used as a secondary antibody. Slides were viewed with a Nikon photomicroscope equipped for epifluorescence.
Statistical analysis
Statistical analysis was performed in consultation with the University of Iowa, Department of Biostatistics using GraphPad InStat 3.06, GraphPad Software (San Diego, CA). A receiver operating characteristic (ROC) curve was used to evaluate the ability of the ELISA to detect IgE autoantibodies against NC16A. The area under the curve is reported with the 95% confidence interval (95% CI). To assess the reproducibility of the ELISA results, coefficients of variance were calculated for the high calibrator. The inter-assay variability of the OD 500 readings from 6 ELISAs, performed on different days was 7.2%. Analysis revealed that groups were not normally distributed, so nonparametric methods were applied. For comparison of control, SLE, EBA and BP sera, the Kruskal-Wallis test was followed by Dunn's multiple comparisons. A Mann-Whitney test was used to compare control to BP sera for both the IgE and IgG ELISAs. An association between IgE and IgG positivity was conducted using the Spearman's rank correlation test. In all cases p ≤ 0.05 was considered significant. In the figures, each data point represents the mean determination of duplicate or triplicate samples.
Results
Validation of NC16A-specific IgE ELISA
Conditions for the NC16A-specific IgE ELISA were optimized as described in Methods. Sera from BP patients or age-and gender-matched controls were tested for IgE reactivity to NC16A. The descriptive statistics for the BP and control groups are shown in Table 1 . The diagnostic performance of the ELISA was illustrated using ROC analysis, which is a plot of the test sensitivity versus 1-specificity (Fig. 1) . The performance of the test as measured by the area under the curve was determined to be 0.8763 (SE =0.0426; 95% CI=0.7974 to 0.9553) (pb 0.0001).
ROC analysis generates paired sensitivity and specificity values for selected cut-off values to ensure accurate diagnostic performance. Based on the maximization of the Youden's index (J = sensitivity + specificity− 1), the optimum cut-off point for a positive result was selected to be= 18.92 Index Units which corresponds to a Youden index of 0.726 (Table 2 ). The selected cut-off resulted in a sensitivity of 74.42% and a specificity of (Table 2) . After cross-validation to reduce bias, analysis of sera using our selected cut-off revealed that 33 of 43 BP patients (77%) and 1 of 55 controls (1.8%) had detectable levels of BP180-specific IgE (Fig. 2) .
NC16A specific IgE in BP
Once the cut-off value for a positive test was established, a panel of sera from patients with other cutaneous (EBA) and systemic (SLE) autoimmune diseases was assayed for NC16A-specific IgE to confirm the diagnostic value of the NC16A-specific IgE ELISA (Fig. 2) . In contrast to the BP sera, none of the sera from patients with a diagnosis of SLE or EBA were positive for NC16A-specific IgE by this ELISA. Non-parametric analysis revealed that the distribution of IgE index values obtained with BP sera was significantly different from those of the other groups (p b 0.001).
Comparison of NC16A-specific IgE and IgG
Evaluation of circulating BP180-specific IgG using commercial ELISA kits suggest that autoantibody titres parallel the severity of clinical disease levels (Amo et al., 2001; Tsuji-Abe et al., 2005) . For comparison, we assayed all of our BP (n =43) and control (n = 55) sera for NC16A-specific IgG using the commercially available kit (Fig. 3a, b) . As expected, a high percentage of BP sera (35 of 43, 81%) contained IgG autoantibodies that recognized NC16A, and nearly all of the BP sera in this study (41 of 43, 95%) were positive for NC16A immunoreactivity for at least one of the two isotypes (IgE or IgG). Of the control sera assayed, less than 2% and 7% had detectable levels of NC16A-specific IgE or IgG, respectively.
Next, we determined if a correlation existed between the IgE and IgG reactivity to NC16A exhibited by BP sera. When our ELISA results are analyzed as a categorical data set (i.e., positive/negative, inset Fig. 3c ), there is a positive correlation (p = 0.016) for the simultaneous detection of both IgE and IgG class autoantibodies in a given sera. In contrast, analysis of our scalar data set (index values) does not indicate a significant correlation (p = 0.0537).
Comparison of autoantibody detection by ELISA, immunoblot or IIF
A subset of 13 BP sera was analyzed for the presence of both IgG and IgE autoantibodies using, in addition to the NC16A-specific ELISAs described above, two other immunological techniques, immunoblotting and IIF (Table 3) . In agreement with a previous study of BP IgG (Zillikens et al., 1997a) , ELISA was the most sensitive of these methods, and this was true for both IgG and IgE detection. Twelve of these 13 BP sera were positive by ELISA for both IgE and IgG NC16A-specific autoantibodies. For IgG, the IIF and immunoblot methods each yielded positive results for 11 of the 13 patients' sera. Only one BP serum was negative in both the IIF and immunoblot assays. For IgE, immunoblotting with recombinant NC16A was of intermediate sensitivity, yielding a positive result for 9 of the 13 BP sera. Using the IIF method on normal skin, less than half (5 of 13) of the BP sera were positive for IgE autoantibody reactivity with the BMZ. Interestingly, all of the patients who were positive for IgE autoantibodies by IIF or immunoblot also had IgG autoantibodies by that same method.
The effect of serum dilution on autoantibody detection
We and others have assayed for IgG reactivity to BP180 using patient and control sera diluted 100-fold (or greater), and have found specific reactivity in a high percentage of BP sera (Amo et al., 2001; Hofmann et al., 2002; Fairley et al., 2005; Ishiura et al., 2008; Iwata et al., 2008) . Rigorous optimization of our IgE ELISA revealed that testing the BP and control sera undiluted Fig. 1 . Sensitivity and specificity of theNC16A-specific IgE ELISA. The diagnostic properties of the NC16A-specific IgE ELISA are depicted as a receiver operating characteristic curve for bullous pemphigoid (BP) sera. Sera of patients with active BP (n = 43) and age/gender-matched normal controls (C; n = 55) with no known autoimmune disease were screened for reactivity to NC16A-GST or GST.
resulted in the most reliable, sensitive and specific assay. As stated above, our ELISA detected BP180-specific IgE autoantibodies in about 74% of the BP patients in our study, a frequency that is much higher than most other reports. Based on these findings, we examined the effects of serum dilution on sensitivity and specificity in both the IgG and IgE ELISAs. Samples consisted of a BP serum with high levels of anti-NC16A autoantibodies of both isotypes, a BP serum with intermediate levels of both autoantibody isotypes and a negative control serum. The sera were tested undiluted (neat) or serially diluted 10-, 20-, 40-, 80-and 100-fold in assay diluent provided with the commercially available ELISA (Fig. 4) .
Using the commercially available ELISA plates, dilution of the BP serum containing a high level of NC16A-specific IgG did not negatively influence the results; however, dilution of sera containing intermediate levels of specific IgG resulted in decreased sensitivity of the assay (Fig. 4a) . Likewise, when anti-IgE secondary was used in combination with the assay plates designed for IgG detection, sample dilution resulted in a dramatic loss of sensitivity (OD, open symbols, Fig. 4a ). Interestingly, the undiluted negative control sample had detectable levels of IgG reactivity to GST that were reduced by sample dilution. Using the IgE ELISA protocol described in this report, dilution of sera also results in decreased assay sensitivity (Fig. 4b) .
Decrease in NC16A-specfic IgE throughout treatment
The current study indicates that the presence of NC16A-specific IgE is an accurate predictor of BP, and cutaneous autoantibody levels are known to decline with standard immunosuppressive treatments. Therefore, NC16A-specific IgG and IgE were evaluated in serial serum samples obtained at different time points during the course of treatment for comparison to pre-treatment levels. At the time of the initial blood draw (day 0; Fig. 5) , each of these patients had recently been diagnosed with BP and had not previously undergone any treatment. These patients were of heterogeneous clinical disease severity. Subsequent blood draws are indicated by the number of days elapsed from the first sample. Although the number of patients is limited, both NC16A-specific IgE and IgG decrease over the treatment course, when an improvement in disease severity is observed (Fig. 5a, b) , and autoantibody levels increase with increased disease severity (Fig. 5c ).
Discussion
In this paper, we report the development and characterization of a highly specific and sensitive ELISA for the detection of circulating IgE-class autoantibodies to the NC16A domain of BP180. The need for such a protocol is underscored by the recent findings indicating that IgE autoantibodies play a role in BP pathogenesis (Dimson et al., 2003; Fairley et al., 2007) . This assay utilizes a recombinant form of NC16A, which is known to contain the major antigenic sites recognized by both IgG and IgE-class autoantibodies found in BP patient sera (Zillikens et al., 1997b; Fairley et al., 2005) . Using this ELISA, IgE autoantibodies to NC16A were detectable in 33 of 43 (77%) of the BP sera tested. The specificity of this ELISA was calculated to be N98%.
In our hands, this ELISA was found to be more sensitive than immunoblotting or IIF for detecting IgE-class autoantibodies in BP sera. Similarly, in a previous study that compared IgG detection systems, an NC16A-specific ELISA was found to be more sensitive than immunoblotting or IIF (Zillikens et al., 1997a) . However, others have reported that an NC16A-specific IgG ELISA was less sensitive than IIF on salt-split skin (Hata et al., 2000; Hofmann et al., 2002; Kobayashi et al., 2002; Kromminga et al., 2004; Mariotti et al., 2004; SakumaOyama et al., 2004; Tsuji-Abe et al., 2005; Yoshida et al., 2006) . There are two factors that might account for some of these differences. First, the process of salt-splitting skin creates a separation at the BMZ which is thought to increase antigen exposure, thereby increasing sensitivity of IIF. Second, NC16A is not the only target of BP autoantibodies -there are autoantibodies that react with other sites on BP180 and with another major BP autoantigen, BPAG1, that likely contribute to the IIF signal. In support of this latter point, a recent study that evaluated a small number of BP sera by immunoblotting found a high frequency of both IgG and IgE directed against the intracellular domain of BP180 (Dresow et al., 2009) . Despite these factors, IIF is less sensitive than our NC16A ELISA for detecting IgE autoantibodies in BP. We hypothesize that the sensitivity of IIF as a method for detecting BP IgE is Fig. 5 . NC16A-specific IgE and IgG levels reflect clinical disease activity. Serum IgE and IgG were assayed on serial blood draws obtained from untreated patients at the time of diagnosis and at various time points thereafter. All patients had active disease at the initial draw (time = 0 days) and had not been previously treated. Disease activity was rated from1 to 4: 4 = generalized disease with multiple new blisters and erosions at multiple sites on the body; 3 = localized active disease; 2 = controlled disease with immunosuppressive medications; 1 = no skin lesions in the absence of immunosuppressive therapy (remission).
compromised by the presence of higher levels of IgG autoantibodies directed against the same BMZ proteins.
Although BP disease activity does not correlate well with IF titers of patient sera (Ahmed et al., 1977; Zillikens et al., 1992) , disease activity does show a good correlation with serum levels of anti-BP180 IgG autoantibodies detected by ELISA Amo et al., 2001) . In this study, careful protocol optimization resulted in an ELISA that can be used to easily and reliably screen large numbers of sera for IgE autoantibodies and that is proven in our hands to be more sensitive than IIF. It should be noted that although the majority of both IgG and IgE autoantibodies in BP are specific for the NC16A region of BP180, both IgG and IgE reactivity to sites other than NC16A has also been observed (Zillikens et al., 1997b; Dopp et al., 2000; Dimson et al., 2003; Fairley et al., 2005; Dresow et al., 2009 ). Thus, it is possible that an NC16A-specific ELISA could underestimate the frequency of BP180 reactivity associated with this disease.
Previous attempts to detect BP180-specific IgE in patient sera employed a commercially available IgG NC16A ELISA kit paired with an IgE-specific secondary antibody (Ishiura et al., 2008; Iwata et al., 2008) . Using a similar strategy, Dopp et al. (2000) assayed for IgE by modifying an ELISA protocol that they had developed to detect NC16A-specific IgG. These other groups report a range of percentages of BP patients with NC16A-specific IgE (20-55%) that is substantially lower than what we report here (77%). These frequency differences are likely due to differences in the manner in which the assays have been optimized. For example, as has been previously shown with ELISA optimization (Sittampalam et al., 1996) , dilution of patient sera was found to be a critical parameter in this IgE ELISA. Inadequate dilution of a very high titre sample could lead to an underestimation of antibody levels due to a limited access to antigen and, conversely, over-dilution of a low titer sample could result in loss of a specific signal. In the aforementioned reports on NC16A ELISAs, the patient sera were diluted as much as 50 to 100-fold for IgE detection, which, in our hands, results in decreased ability to detect IgE reactivity. A sub-optimal serum dilution could also account for the decreased sensitivity of IIF and immunoblot detection of circulating IgE, leading to an underestimation of the frequency of IgE-class cutaneous autoantibodies.
Other reports have suggested that the presence of NC16A-specific IgE, in addition to IgG, identifies a subset of patients with a more severe form of BP that might require more aggressive therapeutic treatment (Delaporte et al., 1996; Dopp et al., 2000; Iwata et al., 2008 ). In the current study, NC16A-specific IgE and IgG are shown to be present in BP sera with similarly high frequencies and often simultaneously. Assuming that the majority of previous reports underestimated IgE reactivity frequencies due to sub-optimal assay sensitivities, we propose a modification of their conclusion: a more severe disease phenotype might be associated with high circulating IgE anti-NC16A levels. Moreover, our studies are in agreement with others (Dopp et al., 2000) suggesting that, similar to IgG, IgE autoantibody levels parallel disease activity and, thus, may provide more specific targets for therapeutic intervention in BP. Particularly noteworthy, our group has very recently published a report on the successful treatment of a steroid-unresponsive BP patient with omalizumab, a humanized monoclonal antibody that inhibits IgE binding to the high affinity IgE receptor, FcεR1 (Fairley et al., 2009) . Furthermore, the lack of strong correlation in the magnitude of IgG and IgE index values in the current study suggests that it is likely that a BP serum may have high levels of NC16A-specific IgE and low or undetectable levels of IgG, or vice versa. Taken together, these findings support the conclusion that both IgG and IgE-class autoantibodies are involved in the pathogenesis of BP.
The ELISA protocol presented in this report provides a convenient and sensitive method by which IgE autoantibodies directed against NC16A can be quantitated. The use of internal standards and calculation of an index value allow for comparison of IgE levels over time. Our data also suggest that evaluation of NC16A-specific IgE, in addition to IgG, may provide a better indicator of disease severity and predictor of treatment efficacy than evaluation of either autoantibody isotype alone.
